INTRODUCTION
Previous studies in our laboratory have established a genetic basis for host resistance to murine cytomegalovirus (MCMV). This is partially determined by the H-2 haplotype, H-2 d conferring sensitivity and H-2 k conferring resistance in vivo (Chalmer et al., 1977) and in vitro in mouse embryo fibroblasts (Harnett & Shellam, 1982) and macrophages (Price et at., 1987) . This is seen in vivo as a 10-fold difference in sensitivity to lethal infection between BALB/c (H-2 o) and BALB. K (H-2 k) mice. However, CBA mice are resistant to threefold higher doses of virus than are tolerated by H-2-matched BALB. K mice. This has been associated with maximal induction of natural killer (NK) cells in the first 4 days after infection in CBA mice (Bancroft et al., 1981 ; Shellam et al., 1985) . Comparisons between nude and heterozygote B ALB/c and CBA mice have demonstrated that T cells are more critical in the BALB/c mice, though the effects of this mutation are seen later in the infection (Grundy & Melief, 1982) . Hence the 30-fold difference in sensitivity between BALB/c and CBA mice is associated with the nature of their leukocytemediated responses and the sensitivity of their individual cells.
Several studies have shown that MCMV is non-specifically immunosuppressive in vivo (Howard & Najarian, 1974; Booss & Wheelock, 1977) . Furthermore, the infection suppresses splenic lymphoproliferative responses and cell-mediated cytotoxicity more in BALB/c mice than in resistant strains, which frequently exhibit enhanced responses (Allan et al., 1982; Grundy & Shearer, 1984) . The present study uses BALB/c, BALB.K and CBA mice to address the question of wheth~:r suppression arises in proportion to virus persisting as a result of H-2-determined sensitivity at the single cell level, or is regulated separately by non-H-2 genes.
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Macrophage-mediated lymphocytostasis was selected for investigation because CMVinduced suppression of proliferative responses of murine splenocytes and human blood leukocytes has been attributed to adherent blood monocytes or macrophages (Carney & Hirsch, 1981; Lob & Hudson, 1981; Rodgers et aL, 1985) , and infected macrophages have been identified in vivo (Hayashi et al., 1985) . We have also investigated the possibility that inhibition of macrophage accessory cell function may contribute to MCMV-induced immunosuppression. This was studied using a non-infectious test antigen (ovalbumin, OA), which presumably reflects class II-restricted antigen presentation. A rote for class II-restricted T cells in the control of CMV infections emerges from the correlation between resistance to MCMV and delayed-type hypersensitivity to the virus (Lawson et al., 1987) . HLA-DR-restricted cytotoxic T cell responses have also been demonstrated in blood leukocytes from CMV-infected patients (Lindsley et al., 1986) .
Peritoneal cells were selected for this study because the time and magnitude of their first contact with the virus following intraperitoneal (i.p.) inoculation is known, and quantitative studies of macrophage traffic are possible at this site. By titrating the macrophages into cultures of lymphocytes from uninfected mice we have excluded ambiguities arising from changes in the responding lymphocyte populations.
METHODS

Animals.
Eight-week-old female specific-pathogen-free BALB/c (H-2d), BALB. K (H-2 k) and CBA/CaH (H-2 k) mice were obtained from the Animal Resources Centre, Murdoch, Western Australia. They were housed under minimal disease conditions and infected with MCMV within 2 weeks of delivery.
Maintenance and assay of virus. The Smith strain of MCMV was obtained from Dr David Lang (Duke University, Durham, N.C., U.S.A.) (Chalmer et al., 1977) . The maintenance of the virus by salivary gland passage and the determination of the minimum i.p. dose able to kill 50~ of the animals (LDso) is described elsewhere (Allan & Shellam, 1984) . The inoculum of half an LDs0 for BALB/c mice (denoted 0.5 BALB/c LDso) contained 2 x l04 p.f.u, of MCMV.
In this study, productively infected cells were identified in a reverse plaque assay (Winkler & Booss, 1980) . Preparations were serially diluted in RPMI 1640 (Gibco) in 24-well tissue culture plates. After 1 h at 37 °C, the medium was removed and replaced with 3 x l05 mouse embryo fibroblasts in 0.5 ml medium. The supernatant was aspirated after 1 h, Eagle's medium containing 2~ methyl cellulose and 10~ foetal calf serum (FCS; Flow Laboratories) was added and the plates were incubated for 5 days at 37 °C.
Characterization of peritoneal cells (PCs) . PCs were collected aseptically from groups of six to 12 mice and resuspended in HEPES-buffered RPMI 1640 containing 40 ~tM-2-mercaptoethanol and 0.5 ~ normal mouse serum (Price & Holt, 1986) . This medium was used for all prolonged incubations as viability was retained without background macrophage activation or lymphoproliferation observed after culture with FCS.
Polymorphonuclear (PMN) cells were counted on slides prepared by cytocentrifugation and stained with MayGriinwald Giemsa. Acid phosphatase levels and nitro blue tetrazolium (NBT) reductase activity were determined colorimetrically as indices of macrophage activation (Price & Holt, 1986; Rook et al., 1985) .
To characterize the macrophages, PCs were dispensed at 0-5 × 106 to I × 106 cells/well into 24-welI plates containing alcohol-washed glass coverslips. Levels of Fc receptor expression were determined on the coverslips by a modified rosetting procedure (Rhodes, 1975) . Briefly, sheep erythrocytes sensitized with rabbit haemolysin (Commonwealth Serum Laboratories, Australia) were added to selected wells. After 1 h at 37 °C, coverslips were washed gently and the cells were fixed in 0-1 ~o glutaraldehyde for 1 h. Rhodes established that the presence of Fc receptors able to bind sheep erythrocytes sensitized with low levels of haemolysin ('avid Fc receptors') correlated with maximal macrophage maturity and activation.
Colloidal gold uptake was measured by the addition of 50 I11 of the gold preparation (particle size < 0.4 ~tm) to selected wells for 1 h at 37 °C. Cells on these coverslips were then fixed with 85 ~ acetone (0 °C, 5 min), dried and counterstained with haematoxylin in situ. Other cells were stained for endogenous peroxidase using 6~ (w/v) diaminobenzoic acid substrate in Tris-HCl buffer (pH 7-6) containing 0.1 ~ peroxide, with the same fixation and counterstain. Coverslips from all three assays were attached to microscope slides with clear nail polish and mounted with DePeX (Gurr, BDH).
Antigenputsing and tyrnphoproliferation assays. To measure the capacity of PCs to take up and process antigen in their natural environment, PCs were pulsed in vivo by injecting the mice with 7 mg OA (Grade V, Sigma) i.p., 2.5 h prior to sacrifice. This dose of OA and the time interval were optimal for the induction of antigen-specific lymphoproliferation. Alternatively PCs were pulsed in vitro by incubation with 4 mg/ml OA in RPMI containing 5~ FCS (2 h, 37 °C). In both systems, pulsed PCs were titrated into 200 ~tl cultures containing 5 × 105 OAresponsive lymphocytes (OA-LNCs). These wet'e obtained from the popliteal lymph nodes of uninfected syngeneic adult mice primed with OA in Freund's complete adjuvant (Difco) via the footpads and base of tail, 21 days earlier.
The lymphocytostatic potential of PCs was measured initially by titrating unpulsed PCs into identical OA-LNC cultures stimulated with 200 ~tg/ml OA. This level yielded optimal proliferation in the absence of PCs. Lymphocytostasis was subsequently assessed in cultures of normal spleen cells stimulated with 0.5 Ixg/ml concanavalin A (Con A, Pharmacia) or 5 ~tg/ml lipopolysaccharide (LPS) derived from Escherichia coli O111 : B4 (Sigma). OA-driven proliferation was measured over 96 h and mitogen-driven responses over 48 or 72 h, with [3H]thymidine added 18 h before harvest. These techniques, and the use of indomethacin (Sigma) to evaluate the contribution of prostaglandins to lymphocytostasis, are described in an earlier publication (Price & Holt, 1986) .
Fraetionation of PCpoputations.
To separate adherent and non-adherent PCs, the preparations were resuspended in HEPES-buffered RPMI 1640 containing 5~ FCS and incubated in plastic Petri dishes (Bunzl, South Australia) for 2 h at 37 °C. These dishes had been coated with FCS overnight and washed with phosphate-buffered saline (PBS) immediately before use. Non-adherent cells were removed by gentle washing with pre-warmed RPMI with FCS, then 0.02~ EDTA buffer (Wood et al., 1979) was added for 30 min and the adherent cells were dislodged by vigorous pipetting (Price & Holt, 1986) .
T cell depletion was achieved by incubation for 45 min at 37 °C with anti-Thy 1.2 (Australian Monoclonal Development). Guinea-pig complement (C') was then added and the mixture was incubated for a further 45 min. The effectiveness of this procedure was verified using spleen, thymus and bone marrow preparations assessed by trypan blue exclusion.
Statistical analysis of lymphoproliferative assays. The suppressive or antigen-presenting potential of PC preparations was evaluated using dose-response curves derived from a range of concentrations of PCs titrated into identical lymphocyte cultures, using analysis of variance (AOV) and linear regression analysis (LRA) based on the programme GENSTAT (Rothamsted Experimental Station, Harpenden, U.K.). Since the group variances were proportional to the means, as expected for values based on clonal expansion, all data were converted to logarithms for analysis. For ease of interpretation, individual results are presented as arithmetic means _+ the standard error of the mean (S.E.M.).
RESULTS
Enumeration of the PC population after MCMV infection
BALB/c, BALB.K or CBA mice were infected (i.p.) with 0.5 LDso MCMV. In accordance with genetic differences in their resistance to lethal infection, BALB.K mice received l0 x 0.5 BALB/c LDso MCMV and CBA mice received 30 × 0.5 BALB/c LDso MCMV. Alternatively, CBA mice were given 0-5 BALB/c LDso MCMV, to investigate effects related directly to virus dose. All mice given 0.5 LDso lost 20~ of their body weight by day 4, with some recovery by day 8 indicating a comparable course of disease. Mean total PC counts derived from several experiments are presented in Fig. 1 , together with the level of infected cells determined by reverse plaque assay.
Total PC counts decreased in all three strains for 3 or 4 days and then increased, peaking 8 days after infection. In BALB/c and BALB.K mice the loss was relatively minor and the rise produced a two-to threefold increase over normal levels. In contrast the rapid loss of 70 to 80~ of the PC yield from CBA mice was barely corrected by the later influx of cells. Attempts to obtain more cells from these mice by repeated washing with PBS with heparin added were unsuccessful. It is notable that CBA mice given the lower dose of MCMV lost more PCs than BALB/c mice treated with the same amount of virus, whilst showing no disease and developing very low numbers of infected PCs.
Despite the low virus dose appropriate for their sensitivity to lethal infection, BALB/c mice developed the highest levels of infected PCs detectable in a reverse plaque assay and were the only strain in which the frequency of infected cells within the PC populations was stable after day 4, though the total number of infected cells per donor peaked with the total cell counts on day 7 or 8 in all strains. A few infected cells remained in BALB/c mice only by day 24.
Characterization of maerophages in the PC populations
Cytocentrifuged PC preparations from BALB/c mice contained normal levels of PMN cells (approximately 1 ~) until 11 days after infection, when there was a slight and variable increase (maximum 10~). As this established that PMN cells did not contribute to the increase in total cell numbers seen on day 8, subsequent studies were performed with cells attached to glass . Groups of six to eight PC donors were infected with MCMV (i.p.) at doses corresponding to 0.5 LDs0 for each strain, given a 30-fold difference in sensitivity to lethal infection. t Significant suppression of lymphoproliferation compared with normal PCs assessed over a range of PC concentrations (LRA, P < 0.01, day 7 or < 0.05, day 22). PCs and 10 Ixg LPS or 0.1 ~g Con A. Infected coverslips. These were treated gently to avoid the loss of loosely adherent cells as the aim was to characterize the entire monocyte population. The results are summarized in Fig. 2 .
After infection the number of immature peroxidase-positive cells decreased rapidly in BALB/c mice, suggesting a rapid maturation of any incoming cells. Consistent with this finding, we observed an increase in the acid phosphatase activity per 106 cells, the proportion of cells expressing Fc receptors (particularly those detectable with low levels of haemolysin) and the proportion of cells able to take up colloidal gold. These parameters peaked at day 7 in parallel with the cell counts. There was also a 100~o increase in NBT reductase activity in PCs collected from BALB/c mice at this time (data not presented). These findings demonstrate an accumulation of mature activated peritoneal macrophages with a potential to be lymphocytostatic (Lee, 1980) . This was observed in subsequent experiments (Table 1, 2) .
By day 7, infected BALB.K mice also acquired increased numbers of PCs with elevated acid phosphatase activity and peroxidase reduction (Fig. 1) . However the proportion of cells able to take up colloidal gold was not elevated so the macrophages were not fully activated.
PCs collected from CBA mice during the first 4 days of infection included slightly more peroxidase-positive cells and showed reduced uptake of colloidal gold and Fc receptor expression in parallel with the decreased yields. NBT reductase activity was also depressed fivefotd when assessed on a per cell basis at this time, though acid phosphatase levels were not depressed. This pattern suggests that the cells obtained from CBA mice within 4 days of infection were activated (acid phosphatase-positive) but relatively immature macrophages, which would be expected to produce high levels of interleukin 1 and exhibit minimal lymphocytostasis (Lee, 1980) . Later in the infection, neither total cell numbers nor colloidal gold uptake increased above baseline levels though acid phosphatase levels increased as in other strains.
Lymphoeytostatic potential of PCs from MCMV-infected mice
PCs were collected from BALB/c or CBA mice, 4, 8 or 22 days after infection with 0.5 LDs0 MCMV, as before, and titrated into cultures of syngeneic OA-LNCs at 0.6~ to 20~ the number of OA-LNCs. Cultures were stimulated with OA and the experiment was duplicated incorporating indomethacin into the medium to assess the role of prostaglandins in lymphocytostasis. Statistical analyses were performed using data derived from the full range of PC concentrations and the 10~ level was selected as optimal for discrimination between the groups (Table 1) .
PCs from uninfected BALB/c mice were slightly suppressive in the absence of indomethacin and values recorded with PCs collected on day 4 were not significantly higher (LRA, P > 0.05). In contrast, PCs collected on day 7 were more suppressive than control or day 4 PCs (LRA, P < 0.01). This was evident with only 1.25~ PCs in the cultures. Indomethacin increased proliferation in all cultures containing PCs but did not reduce the difference between PCs from uninfected and day 7 donors, so the virus had not induced prostaglandin-mediated cytostasis. All abnormal cytostatic activity declined by day 22.
PCs from uninfected CBA mice were generally more suppressive than those from BALB/c controls, despite the matching of age, sex and specific pathogen-free status. This suppression was indomethacin-sensitive. PCs collected from CBA mice 4 days after infection induced greater proliferation than any other preparations (LRA, 0.01 > P > 0.001). This effect was clearest at the highest PC concentrations, which showed proliferation greater than that seen in cultures of OA-LNC alone. PCs collected later in the infection became progressively more suppressive, particularly when cultured at high levels, but remained less suppressive than those from uninfected mice (LRA, 0.01 > P > 0-001) after the release of infectious virus by PCs had ceased (Fig. 1) . These trends were independent of virus dose over a 30-fold range.
To determine whether T cell proliferation and B cell proliferation were equivalently affected, these studies were duplicated with normal spleen cells stimulated with Con A or LPS (data not presented). In BALB/c mice, MCMV induced PCs which were able to suppress responses to both mitogens (LRA, 0.05 > P > 0-002), with peak activity at day 7. In contrast, PCs from infected CBA mice were less suppressive than those from control donors in the presence of Con A (LRA, P < 0.001) or LPS (LRA, P < 0.01).
Individual variation in the development of cytostatic PCs by day 7 and the effect of a lethal virus dose were studied in groups of six BALB/c mice given 0.4, 0.5, 0.8, 1.0 or 1.2 LDs0 MCMV. The percentage of PCs releasing virus on day 7 was similar in surviving mice given 0.4 to 0.8 LDso (t-test, P > 0.05), two of six mice given 0.8 LDso having died.
One mouse given 0-4 and one given 0.8 LDs0 showed no increase in PC numbers or cytostatic activity and the proportion of PCs releasing virus was significantly below the mean. PCs from the remaining 14 infected donors suppressed proliferation by 79 to 82~o (0.8 LDs0), 76 to 94~ (0-5 LDs0) and 80 to 94~ (0-4 LDso) compared with 32 to 71~o with control PCs. Hence individual and dose-dependent variations were minor over this range of sub-lethal infections.
However in groups given 1.0 or 1.2 LDso, pooled preparations from moribund survivors suppressed Con A-induced proliferation by only 20~o and released infectious virus at up to 10-fold higher levels. Lymphocytostasis and other functions are lost following high level infections established in vitro (Price et al., 1987 and unpublished results) . This may be comparable to a lethal infection.
Characteristics of lymphocytostatic PCs from infected BALB/c mice
In the first study, PCs collected 8 days after infection with 0.5 LDs0 MCMV were treated with anti-Thy 1.2 and C', and titrated into cultures of normal spleen cells stimulated with Con A or LPS. Cells from uninfected donors were similarly treated. The incorporation of [3H]thymidine recorded with 5 × 104 PCs per well is presented in Table 2 , whilst the statistical analysis was based on six twofold dilutions of the PCs from l0 s per well. Cells from infected donors were significantly more suppressive than those from controls over the upper range of concentrations of PCs (AOV, P < 0.005), as demonstrated in Table 1 . This difference was increased after T cell depletion (AOV, P < 0-005 for the effects of T cell depletion alone and the interaction between the effects of the infection and T cell depletion) and suggests that the suppressive cell was not a T cell. The unexpected increase in suppressive activity following T depletion may be attributed to concentration of a non-T suppressor cell after the removal of T cells and/or activation of a suppressive macrophage by the anti-Thy 1.2 treatment in medium containing C' and FCS.
In the second study PCs from similar groups of mice were fractionated by adherence to plastic and titrated into normal spleen cell cultures. The monolayers were washed twice to separate only the most adherent cells. The adherent fraction comprised about 35 ~ of the total and had twofold higher acid phosphatase levels, as expected with enriched activated macrophages. The frequency of infected cells was highest in the adherent fraction (990 compared to 450 per million for non-adherent cells), but correction for cell yields revealed equal numbers in each fraction. The data obtained with two levels of PCs in cultures stimulated with Con A are presented. This demonstrates that preparations from uninfected mice contained adherent suppressor cells (adherent against non-adherent; LRA, P < 0.05). However the difference between the fractions was magnified after MCMV infection. This can be seen in the cultures containing 5 × 104 PCs and produced a significant interaction between the effects of adherence separation and the effects of the infection (AOV, P < 0.005). However, in contrast with later studies with CBA and BALB.K mice, the suppressive effect of the infection was detectable in the non-adherent fraction (LRA, P < 0.05). Similar results were obtained with cultures stimulated with LPS.
The demonstration of lymphocytostatic cells in PC preparations from CBA and BALB.K mice by adherence fractionation
PCs collected 7 days after infection with 0.2 to 1.0 LDs0 MCMV were fractionated by adherence to plastic as before. The lymphocytostatic activity of these preparations was compared over a range of concentrations of PCs cultured with normal syngeneic spleen cells and data obtained with 5 × 104 PCs per well are presented (Table 3) . Infection did not influence the effects of unseparated PCs from BALB. K or CBA mice on responses induced by Con A or LPS (LRA, P > 0.05). Cytostatic activity was only seen in the adherent fractions from both strains, with the residual cells often increasing the proliferation induced by LPS (LRA, P < 0.01 for BALB.K cells). The suppressive properties of the adherent cells were increased by sub-lethal MCMV infection in both strains (LRA, 0.01 > P > 0.001). The effect was greater at 0.6 LDs0 in BALB.K mice, but reduced in CBA mice given 1.0 LDs0 (LRA, 0-05 < P < 0.10, relative to normal PCs). Similar reductions in suppressive activity following potentially lethal infection in BALB/c mice were discussed earlier. These results suggest that all three strains acquire some suppressive macrophages following sub-lethal infection, but that these may be masked in H-2 k strains by the concurrent acquisition of loosely adherent immature activated macrophages which enhance lymphoproliferation. 
Accessory cell function of PCs from infected BALB/c mice
To determine the capacity of PCs from susceptible mice to take up antigen in situ and present it to responsive lymphocytes, BALB/c mice were infected with 0.75 or 0-25 LDso MCMV 4 or 8 days prior to study. The lower dose was included as it is below the threshold level of approximately 0.4 LDso for the induction of maximal PC counts and levels of infected PCs. On day 0, the infected mice and uninfected controls were given 7 mg OA (i.p.) and the pulsed PCs collected 2.5 h later were titrated into cultures of OA-LNCs (see Fig. 3 ). Parallel plates with normal spleen cells in place of OA-LNCs developed peak counts of around 10000 d.p.m, with control and day 4 pulsed PCs and 7000 d.p.m, with day 8 PCs, so the proliferation of OA-LNCs was largely antigen-specific. All regimes of infection impaired the induction of proliferation by pulsed PCs (LRA, P < 0.001). Preparations collected 8 days after infection resulted in the lowest responses (LRA, P < 0.001), the depression being proportional to the virus dose (LRA, P < 0.001). Furthermore, the induction of proliferation was not proportional to the level of pulsed day 8 PCs from infected mice added to the cultures (0.3 ~ to 20~). This contrasted with the steep curve seen with pulsed PCs from uninfected mice, yielding a significant interaction term in the AOV (P < 0.025) and suggesting that whilst MCMV infection increases lymphocytostasis, it may not impair antigen processing or presentation.
Requirement for a sustained high level infection for the depression of accessory cell capacity
In the first study, BALB/c mice were given 0.5 LDso live MCMV or an equivalent amount of u.v.-inactivated virus, and PCs were recovered by lavage 7 days later and pulsed with OA in vitro (Table 4 ). The induction of antigen-specific lymphoproliferation by these cells was impaired significantly following the live infection, but was not affected by u.v.-inactivated virus. These results show that the depression seen in Fig. 3 was not associated with impaired uptake of the test antigen in the peritoneal cavities of infected mice.
In the second study PCs from BALB. K mice given a 10-fold higher dose of virus (0"5 BALB. K LDs0) were pulsed in vitro under the same conditions. Consistent with the capacity of adherent cell-depleted preparations from BALB.K mice to enhance lymphoproliferation (Table 3) , antigen presentation was enhanced marginally by the infection (LRA, P < 0.05). These results suggest that only sustained high level infections impair the capacity of antigen-pulsed PCs to induce a lymphoproliferative response. In contrast, limited contact with the virus may render the PCs stimulatory. Virus inactivated by u.v. irradiation (800 gW/cm 2, 2 min). :~ BALB.K mice received 10 x 0.5 BALB/c LDs0. § ND, Not determined.
DISCUSSION
The suppressive properties of the PCs described in this paper are attributed to macrophages on the basis of insensitivity to treatment with anti-Thy 1-2 and the ability to adhere to plastic surfaces (Table 2, 3). The most suppressive preparations were those with the highest levels of cells expressing Fc receptors and able to take up colloidal gold. These are markers of mature activated macrophages, which are generally associated with lymphocytostasis (Lee, 1980) . Whilst macrophage-mediated cytostasis may not be a normal method of immunoregulation, it may be important in a number of viral and parasitic disease states (Nelson, 1976) . This is especially pertinent for MCMV since the generation of suppressive macrophages was maximal in the strain most sensitive to lethal infection.
Our study demonstrates that the traffic of cells to and from the peritoneal cavity in response to a sub-lethal i.p. infection with MCMV relates to non-H-2 determinants of resistance. CBA mice showed a marked loss of cells over the first 4 days and no subsequent increase over normal levels, whilst both BALB/c and BALB.K mice lost fewer cells and accumulated elevated numbers of large macrophages by day 7. However increased cytostasis and colloidal gold uptake were not observed with unseparated preparations from H-2 k (CBA or BALB.K) mice, so it appears that macrophage activation assessed by these parameters depends on H-2O-determined sensitivity to infection in BALB/c mice (Fig. 2, Table 3 ). In view of this result and the finding that suppression depended on the infectivity of the virus preparation (Table 4) , it would appear possible that cytostasis is mediated directly by infected cells. However these comprised less than 1 ~ of the total when assessed by virus release (Fig. 1) and less than 5~ when assessed by viral antigen expression (data not shown). Furthermore high level infections established in vitro (data not shown) and lethal infections in vivo did not generate equivalent lymphocytostasis, and adherence fractionation did not concentrate the infected cells into the most suppressive fractions (Table 2) .
Mechanistic studies of the suppressive properties of macrophages from MCMV-infected mice established that the phenomenon was not mediated by prostaglandins (Table 1) . Furthermore it could not be explained by competitive inhibition of the incorporation of [3H]thymidine by thymidine produced by activated macrophages, since interleukin 2 and 3 production were equivalently depressed (P. Price et al., unpublished observations). These findings are consistent with the suppressive protein product of infected spleen cells discussed by Whyte et aL (1987) . Rodgers et al. (1985) described an inhibitor of interleukin 1 activity from human monocytes infected with CMV and preliminary studies suggest that interleukin 1 activity is depressed in the preparations exhibiting lymphocytostasis. It will be necessary to establish whether production is impaired or an inhibitor is produced. Although antigen-pulsed PCs from infected BALB/c mice induced low levels of lymphoproliferation (i.e. showed impaired accessory cell function), dose-response curves showed the depression correlated with increased lymphocytostasis, so antigen processing and presentation may not be impaired. Consistent with this finding, we have preliminary data showing that Ia expression by PCs is not affected by MCMV in BALB/c mice.
Our current view of genetically determined resistance to MCMV places the effects of the H-2 locus at the level of individual cells. This has been demonstrated in mouse embryo fibroblasts (Harnett & Shellam, 1982) and is now reproduced in macrophages (Price et al., 1987) . This suggests that after the first round of replication the level of free virus will be maximal in BALB/c mice despite the smaller initial inoculum, as was observed in this study (Fig. 1) . These high levels of virus appear to result in the generation of suppressive macrophages, which may magnify the effects of the difference in sensitivity of individual cells by blocking the development of effective T cell responses. Sinickas et al. (1985) demonstrated that MCMV-specific cytotoxicity was expressed by BALB/c lymph node cells primed in vivo, only if they were cultured for 2 to 4 days prior to assay. This may be required for suppressive macrophages to die out. Such cells may also contribute to the correlation between genetic sensitivity (H-2 and non-H-2) and delayed-type hypersensitivity responses to MCMV (Lawson et al., 1987) .
PCs collected from CBA mice up to 5 days after infection with MCMV were few and relatively immature as assessed by reductions in Fc receptors, colloidal gold uptake and NBT reductase, but appeared to be activated to some extent since acid phosphatase levels did not decline. These characteristics have been associated with optimal interleukin 1 production rather than lymphocytostasis (Lee, 1980) . This is consistent with the present data showing that such cells enhance lymphoproliferation (Table 1 ). The greater resistance of CBA compared with H-2-matched BALB. K mice is attributed to the greater NK responses observed in CBA mice during the first 4 days of infection (Bancroft et al., 1981) . Studies with beige mice have shown that this response is protective (Shellam et al., 1985) .
Induction of cvtostatic macrophages by MCMV
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The effects of macrophage products on NK activity are not well understood, but a precedent for suggesting macrophages may potentiate the NK response in CBA mice lies in a report by Chapes et al. (1981) , showing that PCs from vaccinia virus-infected hamsters induced NK activity in autologous bone marrow cells. Alternatively, a proportion of the already mature macrophages further activated by MCMV in CBA mice may adhere to surfaces within the peritoneum and hence elude detection in our assays. This phenomenon has been described in pre-sensitized guinea-pigs challenged i.p. with antigen (Nelson, 1965) and was termed the 'macrophage disappearance reaction'. Nelson suggested that such cells are impaired in their capacity to migrate in response to inflammatory stimulation, and so in the present context may fail to suppress protective immune responses induced at other sites.
In conclusion, we have identified a correlation between patterns of macrophage migration and maturation in the peritoneal cavity and non-H-2-determined resistance to MCMV infection, which may relate to the nature of the protective host response (NK or T cell). Furthermore we have established that the continued presence of the virus at relatively high levels in H-2 ~ mice is required for the accumulated macrophages to become predominantly lymphocytostatic. We are now investigating splenic and alveolar macrophages to determine whether similar or complementary patterns exist.
